Abstract In advanced non-small-cell lung cancer (NSCLC) patients with severe comorbidity or who are elderly, significant differences exist at the induction of chemotherapy. A 68-year-old man with a history of severe aortic stenosis and cerebral infarction had been receiving hemodialysis for end-stage renal disease. On admission due to loss of consciousness caused by aortic stenosis, a mass in the upper lobe of the right lung with a small amount of pleural effusion was detected. The patient was diagnosed with adenocarcinoma of lung (cT2bN1M1a, stage IV). A weekly regimen of paclitaxel in combination with carboplatin is less toxic than the standard regimen of administering both simultaneously. Therefore, this regimen is preferable for patients with severe comorbidity or who are elderly. For the present case, combination chemotherapy of carboplatin and weekly paclitaxel was selected and administered for four cycles. Tumor response was evaluated as stable disease and adverse events were tolerable. This combination was found to be a candidate regimen for advanced NSCLC patients receiving hemodialysis with severe comorbidity.
Introduction
Advances in hemodialysis techniques have significantly prolonged survival for patients with end-stage renal disease (ESRD). The risk of cancer in patients with ESRD is higher than that in the general population. The combination of platinum and S. Tanaka (&) Department of General Medicine, Okazaki City Hospital, 3-1 Goshoai, Koryuji-cho, Okazaki, Aichi 444-8553, Japan e-mail: geruta@med.nagoya-u.ac.jp other agents have been recommended as standard chemotherapy for advanced nonsmall-cell lung cancer (NSCLC), and paclitaxel is one of the agents in this combination [1] [2] [3] . Carboplatin (Fig. 1a) remains intact for longer times than cisplatin (Fig. 1b) , therefore a greater proportion of the dose can be excreted in the urine and eliminated by hemodialysis in the case of the patients with ESRD [4] . Paclitaxel ( Fig. 2) is mainly metabolized by hepatic cytochrome P450 enzymes and excreted into bile, therefore, a standard dose can be administered for patients with ESRD [5, 6] . Here, we report on the combination chemotherapy of carboplatin and weekly paclitaxel administered to a patient with NSCLC receiving hemodialysis for ESRD.
Materials and methods
The patient was a 68-year-old Japanese man who had been undergoing hemodialysis for 3 years to treat ESRD of unknown origin. In February 2010, he was admitted to Okazaki City Hospital due to loss of consciousness caused by severe aortic stenosis. A mass measuring 58 mm in the upper lobe of the right lung with a small amount of right pleural effusion was confirmed by computed tomography (Fig. 3a, b ) so that he was referred to the Department of Respiratory Medicine. He was clinically diagnosed with adenocarcinoma of the lung (cT2bN1M1a, stage IV) by right thoracentesis (Fig. 4a, b ). In accordance with the Eastern Cooperative Oncology Group (ECOG) performance status (PS) 1, chemotherapy was recommended [7] . Arteriovenous fistulas located in the left forearm were used for vascular access. The dialysate flow was 500 ml/min with a blood flow of 200 ml/min. Hemodialysis was provided for 4-h, three times per week. The dialysate (D Dry 3.0S, NIKKISO Co., Ltd., Ishikawa, Japan) contained 2 mEq/l of potassium and 3 mEq/l of calcium. The bicarbonate content of the dialysate was 25 mEq/l and the acetic acid content was 10 mEq/l. The membrane of the dialyzer was polysulfone with a surface area of 2.1 m 2 (VPS-21HA, Asahi Kasei Kurare Medical Co., Ltd., Tokyo, Japan). The patient's vital signs were normal and upon physical examination, body height was 157.7 cm, body weight was 52.2 kg, consciousness level was alert, a cardiac systolic murmur was present, breath sounds were clear, and neurological findings were normal. The laboratory data were as follows: WBC count 8,400/mm 3 , hemoglobin level (Hb) 13.5 g/dl, platelet count 147,000/mm 3 , blood urea nitrogen level (BUN) 55 mg/dl, creatinine level 10.54 mg/dl, and a serum CEA level of 15.6 mg/dl. The pleural effusion CEA level was 364 mg/dl. Both EGFR and KRAS genotypes in the tumor cells were wild type. Echocardiographic findings were as follows: an ejection fraction of 44 %, mean pressure gradient 53 mmHg, and maximum aortic velocity of 4.78 m/s. The patient was scheduled to receive combination chemotherapy of carboplatin and weekly paclitaxel. A carboplatin dose of 120 mg was calculated with the Calvert formula as follows: the glomerular filtration rate (GFR) was assumed to be 0 ml/min, the target area under blood concentration versus time curve (AUC) was 5 mg/ml min; thus the carboplatin dose using the Calvert formula was determined at [5 9 (0 ? 25) = 125 mg], and the single digit was then omitted [8] . On the first day, carboplatin was administered as a 1-h intravenous infusion followed by a 1-h infusion of paclitaxel at a dose of 100 mg (70 mg/m 2 ), and hemodialysis was performed for 4-h starting 1-h after administration of carboplatin. On the 8th and 15th days, hemodialysis was performed starting 1-h after administration of paclitaxel.
Results
Combination chemotherapy was initiated in March 2010. Pleurodesis was not attempted due to the small amount of pleural effusion. On the 15th day of the first cycle, paclitaxel administration was skipped due to grade 3 neutropenia. Fever was not observed. Neutropenia was expected to worsen so that a granulocyte-colony stimulating factor (G-CSF) was administered for 3 days. At the second cycle, the dose of carboplatin was unchanged to avoid insufficient amounts of dosing. The paclitaxel dose was reduced to 60 mg/m 2 , but its administration on the 15th day was skipped due to grade 3 neutropenia and G-CSF was administered for 4 days. At the Effect of the drugs and their chemical intermediates 6827
third cycle, the paclitaxel dose was reduced to 50 mg/m 2 , but administration on the 15th day was postponed by 1 day due to loss of consciousness. Thoracentesis was re-performed on the 28th day due to the progression of right pleural effusion. The CEA level of the pleural effusion dramatically fell to 30.7 mg/dl and some target lesions were assessed as stable disease (Fig. 3c, d ). It was, therefore, decided that the fourth cycle would be continued. On the 15th day of the fourth cycle, administration was skipped due to grade 3 dyspnea caused by exacerbation of heart failure so that chemotherapy was terminated. Grade 3 anemia developed on the 18th day but was corrected without requiring red blood cell transfusion. Dyspnea, cardiomegaly, and congestion of the lungs gradually improved after the end of chemotherapy and the patient visited our outpatient clinic every few weeks. Peripheral neuropathy was not observed. However, he contracted severe pneumonia and died in October 2010, 9 months after the diagnosis of lung cancer. 
Discussion
The number of patients with ESRD has been increasing globally and the risk of cancer in patients with ESRD is higher than that in the general population [9] [10] [11] [12] . Carboplatin, cis-Diammine-1,1-cyclobutane dicarboxylate platinum(II), has a cyclobutane dicarboxylate ligand as a substitute for the chloride ligands of cisplatin. Due to the chelate effect of the cyclobutane dicarboxylate ligand, carboplatin remains intact and stable for a longer time in body fluids, while it is converted to reactive platinum complex by substituting the cyclobutane dicarboxylate ligand for aqua and hydroxyl ligands in the cells. The hydroxyl site of platinum bind to DNA, forming a variety of intrastrand and interstrand adducts, the most abundant of which are 1,2-intrastrand cross-links between the N7 atoms of the two adjacent guanine bases [13] . The 1,2-intrastrand cross-links locally unwind and bend the double-stranded DNA toward the major groove, while the disturbance of the DNA secondary structure seems to be the ultimate reason for the inhibition of DNA replication and/or transcription, and for triggering apoptosis [14] . Carboplatin is less nephrotoxic than cisplatin. Despite the fact that higher total platinum levels are present in the nephron following carboplatin administration, only a small fraction is in the form of the reactive platinum species. Carboplatin doses can be regulated according to renal function so that it is favorable for patients with impaired renal function, including those who receive hemodialysis [4, 15] . The Calvert formula, dose (mg) = AUC (mg/ml min) 9 [GFR (ml/min) ? 25], is clinically well accepted to calculate the dose of carboplatin according to renal function. However, since the Calvert formula was developed on the basis of data from patients with GFRs ranging from 33 to 135 ml/min, its validity in patients with renal insufficiency who are undergoing hemodialysis remains to be confirmed [8] . It is generally thought that protein-bound drugs are difficult to eliminate in hemodialysis. It has been reported that the protein binding rate of carboplatin is low during the initial distribution phase and rises to approximately 40 % or more after 24-h in the elimination phase [16, 17] . Therefore, various options on the timing of hemodialysis in patients receiving carboplatin have been conceived. In a case in which 125 mg of carboplatin was administered to produce a target AUC of 5.0 mg/ml min, the actual AUCs were reported at 2.21, 4.43, and 6.1 mg/ml min when hemodialysis was started after 1.5-, 16-, and 24-h administration of carboplatin, respectively [18, 19] . Grade 3 neutropenia was observed when conditions for the start of hemodialysis were modified at 16-h (but not at 1.5-h) after carboplatin administration [19] . For the current case, hemodialysis was started 1-h after carboplatin administration in the distribution phase due to safety concerns. Paclitaxel is isolated from the bark of Pacific yew trees and its antitumor activity is well confirmed. Paclitaxel has the capacity to bind tubulin and stabilize microtubules, thus modifying the cytoskeleton architecture and blocking the cell cycle in the G2/M phase [20, 21] . The fundamental role of paclitaxel is to promote tubulin assembly, however, the normal function of a cell requires that the microtubules should be in dynamic equilibrium with the monomeric tubulins, and any compound that disrupts this equilibrium is likely to be a cytotoxic agent. Paclitaxel acts as an anticancer agent primarily through its interaction with tubulin, and an understanding of its conformation in the binding pocket of tubulin will be important in elucidating its mechanisms [22] . It is mainly metabolized to 6-hydroxypaclitaxel and 3 0 -phenyl-hydroxypaclitaxel by liver microsomal CYP2C8 and CYP3A4, respectively, and then eliminated through the biliary route [23] .
For the present case, a combination of carboplatin and weekly paclitaxel was selected instead of some single-agent regimens for the following reasons: the combination of carboplatin and paclitaxel is currently one of the standard regimens for first line chemotherapy in patients with NSCLC and ovarian cancer, and the use of this regimen in cancer patients receiving hemodialysis for ESRD has previously been reported [18, [24] [25] [26] . Not only chronologic age but comorbidity has also been reported to be associated with more severe toxicity and lower chemotherapy dose intensity for NSCLC patients [27] . In elderly NSCLC patients, the combination of carboplatin and weekly paclitaxel was associated with survival benefits as compared with single-agent chemotherapy [28] . Some weekly combination regimens were preferable for elderly patients or those with severe comorbidity [29] [30] [31] . Pemetrexed was not selected since its safety for ESRD patients receiving hemodialysis has yet to be confirmed, while gefitinib was not selected due to the EGFR genotype of the lung cancer.
The dose-limiting toxicity of both carboplatin and paclitaxel was thought to be myelosuppression. Grade 3 neutropenia, which is mainly assumed to be due to paclitaxel toxicity, was observed during the first to third cycles in the current case. The carboplatin dose was not changed since the actual AUC was assumed to be lower than the target AUC according to past reports, whereas the paclitaxel dose was reduced to 60 mg/m 2 weekly for the second cycle and 50 mg/m 2 weekly for the third and fourth cycles. Grade 3 anemia (Hb 7.9 g/dl) developed at the fourth cycle, but was corrected without requiring red blood cell transfusion. At the fourth cycle, grade 3 dyspnea due to exacerbation of heart failure emerged and dyspnea recovery was evident after the termination of chemotherapy.
In summary, for the present case, a combination of carboplatin and weekly paclitaxel was administered to a patient with NSCLC undergoing hemodialysis for ESRD and severe aortic stenosis. Under conditions in which hemodialysis was started 1-h after administration of carboplatin, adverse events were tolerable and chemotherapy was administered safely for four courses. This work outlines a case strategy as reference for the effective treatment and management of future cases. It was found that the combination of carboplatin and weekly paclitaxel can be considered a promising regimen for NSCLC patients receiving hemodialysis.
